Purpose The purpose of this study was to examine the relationship between obesity and quality of life (QOL) among Hispanic and non-Hispanic white breast cancer survivors and population-based controls from the 'LongTerm Quality of Life Study'-a 12-to 15-year follow-up study of breast cancer cases/survivors and controls from New Mexico (n = 451). Methods Using multiple linear regressions, obesity measures [body mass index (BMI) C 30 kg/m 2 ] at baseline and follow-up interview were modeled with composite scores for physical and mental health from the SF-36 Quality of Life Survey. Interaction between ethnicity and BMI and change in BMI were evaluated. All models were adjusted for age, ethnicity, Charlson Index, depression, fatigue, and physical activity. Results Baseline obesity (b = -6.58, p = 0.04) was significantly associated with decreased mental health among survivors, but not among controls. Obesity at baseline and follow-up were significantly associated with decreased physical health among survivors (baseline b = -10.51, p = 0.004; follow-up b = -7.16, p = 0.02) and controls (baseline b = -11.07, p \ 0.001; follow-up b = -5.18, p = 0.04). No significant interactions between ethnicity and BMI were observed. Conclusions Our findings provide unique information about a diverse population of breast cancer survivors and controls and the impact of obesity on the mental and physical aspects of QOL.
Introduction
An estimated 3.1 million women in the USA are living with a history of invasive breast cancer: approximately 2.3 million of these women are aged 60 years and older and fewer than 10 % are younger than 50 years of age [1] . Due to population trends of increasing age and the advances in cancer screening, treatment, and quality of survivorship care, the number of older cancer survivors is expected to double over the next 50 years [2] . Although there are wellknown disparities in breast cancer outcomes between Hispanic and non-Hispanic white (NHW) women in the USA [3, 4] , more Hispanic women are surviving cancer because of these improvements in screening and access to recommended treatment [5, 6] . Hispanic survivors are projected to account for an increasing proportion of the vastly growing breast cancer survivor population [7] [8] [9] .
While the majority of breast cancer survivors are aged 60 years or older, limited research has investigated the relationships between specific health behaviors with quality of life (QOL) issues among older survivors, particularly during the long-term post-treatment period [2, 10] . Additionally, research gaps exist in the understanding of QOL among Hispanic breast cancer survivors [8] . Specific factors reported to influence QOL in NHW survivors include age at diagnosis, cancer stage, relationship status and social support, symptom distress and coping strategies [9, [11] [12] [13] [14] . However, other data suggest that cultural and contextual factors, such as Hispanic role expectations, greater fear of recurrence, and barriers in patient-physician interaction may play larger roles in QOL among Hispanics, contributing to QOL disparities [7-9, 15, 16] . Additionally, a recent systematic review indicates that Hispanic survivors on average report lower overall QOL compared to NHW survivors [8] .
According to national sample estimates, approximately 22 % of breast cancer survivors are obese [17] . Although survivors commonly change their diet and lifestyle after a cancer diagnosis as an attempt to prevent another cancer occurrence and to maintain good health [18] , more than 60 % of women may gain weight after their initial diagnosis, which is mostly related to their body's response to breast cancer treatment, including chemotherapy [19] . Evidence also suggests that Hispanic survivors have been reported to be heavier than NHW survivors [20, 21] .
In a recent report by Paxton and colleagues, the associations between physical activity and obesity status with health-related QOL were examined among Hispanic, African American, Asian, and NHW breast cancer survivors from the Women's Healthy Eating and Living Study [20] . Overall, it was found that survivors from racial/ethnic minority populations had higher rates of obesity that were associated with poorer health-related QOL. It could therefore be hypothesized that the poor adherence to guidelines for weight management may significantly contribute to the poor QOL outcomes experienced by Hispanic breast cancer survivors.
The purpose of this study was to examine the relationship between obesity and the mental and physical aspects of QOL among Hispanic and NHW breast cancer survivors and population-based controls from the 'Long-Term Quality of Life Study' (LTQOL)-a 12-to 15-year followup study of breast cancer cases and controls from New Mexico. By comparing breast cancer survivors to population-based controls, we examined whether the relationships between obesity and QOL are specific to breast cancer survivors or common to women of similar age without a diagnosis of breast cancer.
Materials and methods

Study population
The LTQOL follow-up (2007-2011) was conducted approximately 14.5 years from date of diagnosis for breast cancer cases or date of selection for population-based controls in the New Mexico Women's Health Study (NMWHS) (1992-1994) [22] . The NMWHS was a statewide population-based case-control study of breast cancer in Hispanic and NHW women. The design of this study has been previously described [22] [23] [24] [25] . Women who were diagnosed with a new primary breast cancer were ascertained through the New Mexico Tumor Registry (NMTR), a population-based tumor registry and a member of the Surveillance, Epidemiology and End Results (SEER) Program of the National Cancer Institute. Women diagnosed with an invasive or in situ breast carcinoma from January 1, 1992, through December 31, 1994 , who were residents of New Mexico and who were between 30 and 74 years of age at diagnosis, were eligible for study inclusion.
All identified Hispanic cases (n = 491) and approximately 33 % of identified NHW cases were eligible for the study. Non-Hispanic white cases (n = 493) were selected using a stratified random selection process. Of the 984 eligible cases identified, 73 % completed an interview: 339 Hispanic (69 %) and 388 NHW (78 %). Population-based controls were selected using a modified random-digit dialing method and were frequency-matched to cases based on ethnicity, age group, and the seven health planning districts. Of the 1,039 eligible controls, 81 % of the women completed an interview: 391 H (76 %) and 453 NHW (86 %). Specific details on non-participation have been reported previously [22] .
The median time between breast cancer diagnosis and the NMWHS baseline interview was 193 days [22] . For baseline data collection, demographic data and body mass index (BMI) at time of interview were collected through inperson interviews at a location chosen by the study participant. Subjects were asked their height in feet and inches and current weight in pounds. Body mass index was calculated based on the following units, weight in kg/height in m 2 . BMI was categorized into three risk groups based on the World Health Organization cut-points for BMI (normal BMI B 24.9; overweight BMI = 25.0-29.9; obese BMI C 30) [26] .
The LTQOL follow-up study Informed consent, for all participants, and Health Insurance Portability and Accountability Act (HIPAA) authorization, for those consenting to medical record review, were collected at the time of interview. The NMWHS baseline study and the follow-up study were approved and monitored by the IRB committees at the University of New Mexico and University of Louisville.
Questionnaire data
The LTQOL questionnaire collected data on the following: general health, the SF-36 mental and physical health scales, diagnostic and treatment information, menopausal symptoms, the Tedeschi post-traumatic growth inventory, the perceived stress scale, the CES-D scale on depression, medical conditions and pain level, the Hann fatigue scale, the MOS social support scale, health screening procedures, cigarette smoking history, alcohol consumption and fruit and vegetable intake, physical activity in metabolic equivalent (MET) values based on the 2000 Ainsworth Compendium [27] , marital status, education, and employment at both baseline and follow-up.
The Charlson Index was used to classify the number and impact of comorbid conditions reported by study participants [28] . Presence of the following conditions were grouped categorically into levels of none, low, moderate, and high based on this weighted index that takes into account the number and seriousness of comorbid diseases [28] : myocardial infarction, congestive heart failure, peripheral vascular disease, dementia, cerebrovascular disease, chronic lung disease, connective tissue disease, ulcer, chronic liver disease, moderate or severe kidney disease, diabetes, diabetes with complication, leukemia, lymphoma, moderate or severe liver disease, metastasis, and AIDS.
Quality of life measures as the outcome QOL was evaluated using the SF-36 Health Survey [29] designed to measure levels of mental and physical health. The survey consists of eight health concepts separated into physical and mental health domains: physical functioning, bodily pain, role limitations due to physical health problems, role limitations due to personal or emotional problems, general mental health, social functioning, energy/fatigue, and general health perceptions [29] . The scores for each domain can be combined to generate composite scores for mental and physical health. These scores range from 0 to 100, with higher scores representing better health quality. The reliability and validity of the SF-36 survey have been documented in several cancer survivor populations [30, 31] .
Body mass index
For the follow-up interview, BMI was based on self-report of current height in feet and inches and current weight in pounds at time of follow-up interview and converted to weight in kg divided by height in m 2 . For the present analysis, obesity was defined as BMI C 30 kg/m 2 for both baseline and follow-up BMI.
Statistical methods
Descriptive statistics were calculated for all covariates, and t tests and Chi-square tests were used to assess differences between groups. Using multiple linear regression models, obesity measures (BMI C 30 kg/m 2 ) at baseline and followup interview, and the change in BMI from baseline to followup, were modeled with composite scores for physical and mental health from the SF-36 Quality of Life Survey; results for beta coefficients and standard errors (SE) were reported. Specific covariates were included in multiple linear regression models if they changed the beta coefficient for the main effects by C10 % [32] . Potential covariates included: age at follow-up (years), ethnicity, history of depression (yes/no), felt fatigued at follow-up interview (yes/no), history of chronic pain reported at follow-up (yes/no), Charlson Index for comorbid conditions, and physical activity (total number of MET hrs). Breast cancer treatment (no surgery; surgery ? radiation ? chemotherapy;
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Interactions between ethnicity and BMI variables were assessed using the likelihood ratio test comparing the model including an interaction term with a reduced model without the term. All models were adjusted for age, ethnicity, Charlson Index for number of comorbid conditions, depression, fatigue, and physical activity. Models were also adjusted for baseline BMI when change in BMI from baseline to follow-up was assessed. All data analyses were performed using SAS version 9.3 (SAS Institute, Cary NC).
Results Table 1 shows distributions of the variables used in the present analysis by survivor/control status and by ethnicity for the LTQOL follow-up study. The mean ages at followup for breast cancer survivors (mean = 64.3, SD = 9.1) and controls (mean = 64.0, SD = 10.0) were not significantly different (p = 0.77). The mean time from baseline to follow-up interview was significantly different (p \ 0.001) between case/survivor and control groups, however, within these groups, there were no significant differences observed by ethnicity. A total of 27 survivors and 40 controls were obese at the time of the NMWHS baseline interview, while 37 survivors and 58 controls were obese at follow-up. Hispanic survivors were more likely to be diagnosed with regional stage of disease compared to NHW survivors (p = 0.02). Hispanic survivors compared to controls also were more likely to report lower scores for mental (p = 0.003) and physical health (p = 0.02). Table 2 shows the associations between BMI at baseline and follow-up and mental health QOL among survivors and controls. For fully adjusted models, obesity at baseline (b = -6.58, SE = 3.24, p = 0.04) was significantly associated with decreased mental health among survivors, but not among controls. Table 3 shows associations with physical health QOL. Obesity at baseline and follow-up were significantly associated with decreased physical health among survivors (baseline b = -10.51, SE = 3.56, p = 0.004; follow-up b = -7.16, SE = 3.11, p = 0.02) and controls (baseline b = -11.07, SE = 2.81, p \ 0.001; follow-up b = -5.18, SE = 2.53, p = 0.04).
In multivariable models that assessed case/survivor versus control status as a main predictor of mental QOL, no significant associations were observed for survivor status adjusting for baseline obesity (survivor status b = -1.86, SE = 1.44, p = 0.20) and other covariates or follow-up obesity (survivor status b = -1.70, SE = 1.46, p = 0.25).
Additionally, no significant associations were observed for the relationships between survivor status and physical health QOL adjusting for covariates and baseline BMI (survivor status b = -1.07, SE = 1.52, p = 0.48) and follow-up BMI (survivor status b = -0.88, SE = 1.55, p = 0.57) (data not shown). No significant interactions between ethnicity and BMI were observed overall with fully adjusted models; however, our results presented in Table 1 indicate ethnic differences for QOL among breast cancer cases/survivors independent of BMI. We also did not observe any significant associations between change in BMI from baseline to follow-up and QOL.
In fully adjusted models, the Charlson Index and physical activity variables had the strongest impact on the magnitude of the point estimates for mental and physical health outcomes. For mental health outcomes, significant beta estimates ranged from -12.44 to -18.01 for moderate to high Charlson Index scores and 0.05-0.12 for increasing METS of physical activity. For physical health outcomes, significant beta estimates ranged from -30 to -32 for high Charlson Index scores and 0.07-0.13 for physical activity. The two most commonly reported chronic conditions among both survivors and controls were connective tissue disease (43 % of survivors and 34 % of controls) and chronic pulmonary disease (24.6 % of survivors and 17.6 % of controls).
Discussion
In our study of Hispanic and NHW breast cancer survivors and population-based controls, higher BMI at baseline interview was associated with decreased mental health among survivors. Both obesity at baseline and follow-up interview were significantly associated with decreased physical health, regardless of survivor/control status. Results from fully adjusted models did not indicate a significant association between change in BMI from baseline to follow-up interview and QOL scores. Lastly, we did not observe significant interactions between Hispanic ethnicity and BMI with QOL among survivors or controls in our sample. However, our data suggest lower scores on both mental and physical health components in Hispanic than NHW cases independent of BMI and that these differences may be in part mediated by other factors, such as higher levels of comorbidity and lower levels of physical activity.
Our QOL study is one of few breast cancer survivorship studies that has included long-term survivors and, to the best of our knowledge, it is the first to include controls as a comparison group with assessments of baseline and followup BMI. Comparison to a population-based sample of controls matched for age and ethnicity allows one to discern whether these associations are specific to breast cancer Table 1 Characteristics of study population, stratified by ethnicity and case/survivor-control status, LTQOL (n = 451) Cases/survivors n = 200 . Overall, their findings indicated that greater BMI was associated with worse physical QOL not only for breast cancer but for all cancers assessed. However, BMI was not found to be associated with mental QOL, as with other similar studies of obesity and QOL among cancer survivors [33] . Our results among survivors demonstrated a significant association between baseline BMI and mental health, whereas there was no association in age-matched controls. Obesity can contribute to certain outcomes such as psychological symptoms including negative self-evaluation, decreasing self-image, anxiety, and depression [34] . It is possible that the results we observed among survivors between baseline obesity and decreased mental health at follow-up could be attributed to the interaction between psychological symptoms associated with obesity and coping with a diagnosis of breast cancer; however, it is interesting that associations between obesity at follow-up and mental QOL were not statistically significant.
In a report by Imayama et al. [35] , associations between weight change from baseline to follow-up, BMI at 30-month follow-up interview, and QOL at 40 months post-diagnosis were assessed in a sample of 661 multiracial/ethnic breast cancer survivors who participated in the Health, Eating, Activity, and Lifestyle study. Similar to our findings among survivors, significant associations were observed with high BMI for both physical (p \ 0.0001) and mental (p = 0.02) health component summary scores. Among a subsample of 443 survivors, weight change from baseline to the 30 months post-diagnosis assessment was also examined with QOL, and a significant association was only found for physical health (p = 0.03). We also assessed change in BMI from baseline to follow-up interview (approximately 14 years), but did not observe any significant associations in fully adjusted models. These observations could be attributed to the lack of significant BMI changes from baseline to follow-up interview among survivors and controls who participated in our study.
It was previously mentioned that associations between obesity and QOL outcomes were most greatly affected and actually attenuated after controlling for important factors including the number of comorbid conditions measured by the Charlson Index and physical activity. With assessment of the most frequently reported chronic diseases included in the Charlson Index from our study, it was concluded that connective tissue disease, such as rheumatoid arthritis, and chronic pulmonary disease were the top two reported conditions among both survivors and controls. Although these diseases are not among the top chronic diseases in the USA, which include heart disease and stroke, cancer, and diabetes [36] , they do represent ailments that occur among this age group of women. It has been reported that cancer survivors are more likely to develop recurrences and secondary primary cancers, heart disease, and other chronic diseases when compared with individuals without a history of cancer [2, 37] . Our findings did not indicate any significant differences between survivors and controls for prevalence of comorbid conditions. Furthermore, the relationship between obesity and QOL was not found to differ between survivor and control status.
There are strengths and limitations for the present analysis. The LTQOL study is distinct from other breast cancer survivorship cohorts because it allows the evaluation of associations of baseline risk factors, such as BMI, with long-term survival, and the comparison of QOL in survivors with controls. Long-term cancer survivors are generally described as those who are 5 years or more beyond cancer diagnosis [37] ; however, our participants have almost three times the follow-up time, as 72 % of the survivors have 15 or more years of follow-up. Based on systematic reviews, very few QOL studies that have included Hispanic longterm survivors [8, 38] . Although not statistically significant in fully adjusted models, our data suggest Hispanic women, particularly cases, tend to have lower mental and physical health scores than their NHW counterparts. This ethnic difference warrants closer examination. We also were able to examine whether Hispanic ethnicity modified associations between obesity and QOL. However, due to sample size constraints, we were unable to stratify analyses by ethnicity among survivor and control groups. Tests of statistical interaction were significant in crude models, but attenuated in fully adjusted models, suggesting that these ethnic disparities may be associated with a higher burden of comorbidity or possibly lower levels of physical activity. Furthermore, our findings may not be generalizable to other breast cancer survivor populations. The individuals who participated in the LTQOL follow-up study may not be comparable to the non-participants in terms of health status and overall, participation rates for the follow-up study were low at 39 %. These limitations increase risk for selection bias. Lastly, women lost to follow-up may have been heavier and less healthy than those with complete follow-up leading to survival bias that would tend to attenuate associations.
Conclusions
Despite our limitations, this study represents one of the more novel approaches to date aimed at investigating the relationship between obesity and QOL among an ethnically diverse population of long-term survivors and populationbased controls. Overall, our results indicate that obesity at baseline and follow-up interviews was associated with reduced physical health among our study population, regardless of survivor/control status and that obesity at baseline interview was also associated with reduced QOL for mental health among survivors. Although we did not detect any significant interactions between obesity and Hispanic ethnicity, our findings provide unique information about a diverse population of breast cancer survivors and controls and the impact of obesity on the mental and physical aspects of quality of life.
